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Description 

This invention relates to a long-active composi- 
tion which Is effective in the human body for a 
prolonged period of time. More particularly, this s 
Invention relates to a long-active composition 
wherein a physiologically active polypeptide or 
glycoprotein of human origin is coupled to a 
polyoxyethyfene-polyoxypropYlene copolymer. 

Physiologically active substances, such as a to 
variety of hormones and enzymes, when adminis- 
tered to living bodies, generally undergo decom- 
position by various proteases In said living bodies 
in a short time or immediate inhibition by various 
inhibitors, so that their effects can last only for a is 
short period of time. 

It has been disclosed by AbuchowsJd et ai of 
Department of Biochemistry, Rutgers, State Uni- 
versity, New Brunswick, NJ„ U.SA (CA 
87:49460k and CA 91:51928v) that bovine liver 20 
cataiase and arginase can be stabilized by cova- 
(ent attachment to methoxypoiyethyiene glycol 
(MW19Q0 or MW5000) with cyanuric chloride as 
the coupling agent 

The present inventors conducted Intensive 25 
research in search of the possibility of rendering 
their physiological activity lasting In living bodies 
so that their effects can be ensured to an 
increased extent and their doses can be reduced. 
As a result, ft has been found that the above so 
objects can be accomplished by coupling phy- 
siologically active substances to polyoxysthy- 
lene-polyoxypropylene copolymers (hereinafter 
briefly referred to as "copolymers"). 

The present Invention thus provides long-act- ' as 
ing compositions comprising human-derived 
physiologically active polypeptides or glycopro- 
teins coupled to polyoxvetby! e n e-po ly oxyp ropy- 
iene copolymers. 

In another aspect thereof, the present invention 40 
provides a method of rendering the above-men- 
tioned polypeptides or glycoproteins long-acting 
by coupling them to the above-mentioned 
copolymers. 

Polyoxyethylene-polyoxy propylene copoly- 45 
mors are available on the. market About 33 
species are in main use; they have a molecular 
weight of 1,000 to 14,000 with varied pofyoxy- 
ethylena-to-potyoxypropylene ratios, e.g. 4:16, 
196:67 or 266:54. However, products obtained by so 
coupling physiologically active substances to 
those copolymers which have a molecular weight 
exceeding 10,000 have undesirably decreased 
activity due to their active groups being wrapped 
up in or concealed by the copolymer molecules. 55 
Such products are undesirable also because they 
remain in living bodies for an excessively long 
period and possibly produce side effects. 

Accordingly, in accordance with the present 
invention, those copolymers that have a mole- so 
cular weight of 1,000 to 10,000 are used. The 
copolymers have hydroxyl groups at both the 
ends thereof. The hydrogen atom of one of the 
hydroxyl groups may be substituted by an alkyi or 
acyl group. Preferred examples of the alkyi group 66 



are methyl and ethyl. Acetyl and propionyi are 
examples of the acyl group. Substitution by these 
groups can be performed by the known methods. 

In practicing the present invention, a polypep- 
tide or glycoprotein of human origin, e.g. 
extracted from human urine, placenta or blood 
components are derived from human blood com- 
ponents or produced by tissue culture of human 
cells, is used. 

Examples of the polypeptide or glycoprotein 
are human menopausal gonadotropin (HMG), 
human growth hormone (HGH), epidermal 
growth factor (EGF), nerve growth factor (NGF), 
colony formation stimulating factor (CSF), urokin- 
ase (UK), plasminogen (PLG), kallikreln, interferon 
a, interferon p, interferon y, Interleukin 1, tnter- 
ieukln 2, urinary trypsin inhibitor, urinary thiol 
protease inhibitor, placental aryisuffatase, urinary 
lysozyme and urinary asparaginase. 

In accordance with the present invention, the 
above-mentioned copolymers are coupled to 
such physiologically active polypeptides or gly- 
coproteins. The coupling is effected by means of a 
coupling agent capable of linking a terminal 
hydroxyl group of the copolymer with the amino 
group of the active substance. The coupling agent 
contains at least one functional group capable of 
reacting with the hydroxyl group and at least one 
functional group capable of reacting with the 
amino group, and includes 2,4,6-trichloro-s- 
triazlne, dibromosuocink anhydride and maleic 
anhydride. 

Thus, for instance, the copolymer is reacted 
with 2 AB-trichloro-s-trlazine In the presence of an 
alkali, and the resulting reactive copolymer 
derivative Is reacted with the above-mentioned 
active substance, whereby the active substance is 
coupled to at least one copolymer molecule 
through the N-terminal primary amino group and/ 
or the a-amino group or groups in a lysine residue 
or residues. 

The above coupling reaction can be performed 
by known methods, the reaction conditions being 
selected based on the reactivity each of the 
terminal hydroxy! group of the copolymer, the 
amino group of the active substance, and the 
coupling agent 

The compositions according to the present 
invention can produce the effects of the active 
substances In living bodies for a significantly 
prolonged period of time; the duration of activity 
can be prolonged 10 to 20 times, for Instance. 

Moreover, the copofymer-physioiogically active 
substance coupling products are rather inert to 
proteases in Irving bodies and furthermore are 
not susceptible to various inhibitors in the blood, 
and therefore said products show marked 
improvements in development and persistence of 
activity. 

The compositions according to the present 
invention can ba administered orally or parenter- 
al^ depending on the kind of physiologically 
active substances. Parenteral administration may 
be conducted in the manner of intravenous, 
intramuscular or subcutaneous Injection. 
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The dose of the compositions is proportional to 
the dose known for the physiologically active 
substances concerned However, the composi- 
tions according to the present invention tend to 
have a somewhat decreased activity per unit 
weight as compared with the starting active sub* 
stances and therefore it is desirable to increase 
the single dose thereof accordingly. Nevertheless, 
since they are markedly improved in the duration 
of effects, as mentioned above, the compositions 
may be administered every several days or at 
longer intervals where, the corresponding active 
substances themselves should be administered 
daily. 

The following examples illustrate the present 
Invention in more detail. 

Example 1 

2Ac^Trfchloro-s-triazine (cyanuric chloride) [SJS 
g, 30 millimoles) was added to 400 ml of an- 
hydrous benzene containing 10 g of anhydrous 
sodium carbonate, followed by addition of 50 g 
(10 millimoles) of methoxy-polyoxyethytene- 
polyoxypropylene glycol [average molecular 
weight 5,000, monomethyiation product derived 
from Pluronic F-38 (Asahi Denka Kogyo K.K.), 
E.O.:P.O.:E.O.==46:16:46). The mixture was stir- 
red at room temperature overnight 

The insoluble matter was filtered off, 5 volumes 
of petroleum ether was added to the filtrate and 
the resulting precipitate, activated copolymer, 
was collected by filtration. Two more redlssolu- 
tion-repredpitation procedures with benzene and 
petroleum ether gave 51.5 g of the desired acti- 
vated copolymer. 

Purified urokinase (three million units) was 
dissolved in 30 ml of 0.1 M phosphate buffer (pH 
7.0 at 4°C To the solution was added 600 mg of 
the above activated copolymer, and the mixture 
was stirred at 4°C with stirring for 3 hours. 

Then, the reaction was terminated by adjusting 
the pH to not more than 5.0. The unreacted 
activated copolymer was removed by gel filtra- 
tion using Sephadex G-100 equibrated with 0.1 M 
phosphate buffer (pH 5.0). 

.The thus-obtained modified urokinase had an 
average molecular weight of 150,000 and retained 
40% (fibrin plate method) or 70% (fiuorogenic 
substrate method) of the original activity. 

The half lives in the blood of the unmodified 
urokinase and the modified urokinase as deter- 
mined in rabbits were 5 minutes and 120 minutes, 
respectively, the half life ratio thus being as high 
as 24. The half life determination was conducted 
in the following manner. 

The unmodified or modified urokinase (50,000 
units/kg) was administered to rabbits weighing 
about 2,0 kg into the auricular vein on the side 
opposite to the ear where blood sampling was 
conducted at timed intervals. 

Blood sampling was performed by connecting a 
syringe with an indwelling needle in the auricular 
vein. Ten to thirty minutes before urokinase 
administration, heparin sodium was intraven- 
ously administered in a dose of 1,000 units/kg. 



Before administration of the sample, imme- 
diately after administration, and 2 minutes, 5 
minutes, 10 minutes, 20 minutes, 30 minutes, 40 
minutes, 60 minutes, 120 minutes and 240 

6 minutes after administration, 2 ml of blood was 
collected from each animal and immediately cen- 
trifuged (3,000 rpm, 5 minutes), and the plasma 
was assayed for urokinase activity- The above- 
mentioned results were obtained in that manner. 

w The fibrin plate method used In this example for 
urokinase activity determination was performed 
as described by P. L Walton in Clin. Chim. Acta, 
13 (5), 680-684 (1966). 
The fiuorogenic substrate method was per- 

16 formed as described by T. Morita et al. in J. 
Biochem.. 82, 1495 (1977). 

Example 2 

100,000 units of human urinary kalHkrein 

20 purified almost to absolute purity was dissolved 
In 50 ml of 0.1 M phosphate buffer (pH 7.0) at 4°C 
Ethoxy-polyoxyethylene-polyoxypropylene gly- 
col (average molecular weight 3,400, 
E.O.:P.O:E.O.=1 9:30:19, Asahi Denka Kogyo'a 

25 Pluronic P-65) was activated in the same manner 
as In Example 1. The activated copolymer (0.7 g) 
was added to the above solution, and the mixture 
was stirred at 4°C for 3 hours. 
Then, the reaction was terminated by adjusting 

30 the pH to not more than 5,0, and the unreacted 
activated copolymer was removed by dlalyzing 
the reaction mixture at 4° overnight against 0.1 M 
phosphate buffer pH 5.0. 
The thus-obtained modified kallikrein had an 

35 average molecular weight of 1 00,000 and retained 
50% (hypotension method using dogs) of 80% 
(fiuorogenic substrate method using Pro-Phe- 
Arg-MGA) of the original activity. 
The half lives of the unmodified kallikrein and 

40 the modified kallikrein were determined in rabbits 
by collecting blood samples In the same manner 
as In Example 1, They were 7 minutes and 110 
minutes, respectively, and the ratio therebetween 
amounted to 15. 

48 The hypotension method using dogs as used In 
this example for the assay of kallikrein was 
performed as described in J. Biochem., 58, 201 
(1965), 

The fiuorogenic substrate method was per- 
so formed as described in J. Biochem., 82, 1495 
(1977). 

Example 3 

100 million units of human leukocyte interferon 
65 (specific activity 2X1 0 7 units/mg protein) was 
dissolved in 22 ml of 0.1 M phosphate buffer (pH 
7.0) at 4°C, then 220 mg of the same activated 
copolymer as used in Example 1 was added, and 
the mixture was stirred at 4°C for 3 hours. Then, 
60 the reaction was terminated by adjusting the pH 
to not more than 5.0, and the unreacted activated 
copolymer was removed by subjecting the reac- 
tion mixture to dialysis against 0.1 M phosphate 
buffer (pH 5.0) at 4*C overnight The thus- 
65 obtained modified Interferon a retained 40% of 
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the activity before modification. The cells used in 
the activity determination were FL-celfs [human 
amniotic calls (Fogh and Lund strain)]. VSV {vesi- 
cular stomatitis virus) was used as the challeng- 
ing virus. The CPE (cytopathogenic effect) man- 
ifested by the mfcroplate method was judged by 
the dye uptake method [N. B. Rnter, J. General 
Virology, 5, 419 {1969)3 using phenol red- The half 
lives in rabbit blood of the unmodified interferon 
a and the modified interferon a as determined 
with blood samples collected In the same manner 
as in Example 1 were 5 minutes and 80 minutes, 
respectively, revealing a 16 times prolonged half 
life of the modified one. 

Claims 

1. A long-acting composition comprising a 
physiologically active polypeptide or glycoprotein 
coupled to a polymer characterised. in that the 
polypeptide or glycoprotein is coupled to a poly- 
oxyethyiene-poryoxypropylene copolymer, 
having a molecular weight of 1,000 to 10,000 and 
having at both ends thereof hydroxyl groups one 
of which may be substituted by an alkyl or acyl 
group, by means of a coupling agent linking a 
terminal hydroxy! group of said copolymer with 
an amino group of said active substance. 

2. A composition as claimed in Claim 1, wherein 
the physiologically active polypeptide or glycop- 
rotein is of human origin. 

3. A composition as claimed in Claim 2, wherein 
said polypeptide or glycoprotein is human 
menopausal gonadotropin, human growth hor- 
mone, epidermal growth factor, nerve growth 
factor, colony formation simulating factor, urokin- 
ase, plasminogen (PLG), kallikrein, interferon a, 
Interferon p, interferon y, interleukin-1, interieukfn 
2, urinary trypsin inhibitor, urinary thiol protease 
inhibitor, placental arylsulfataae, urinary 
lysozyme or urinary asparaginase. 

4. A composition as claimed in Claim 2, wherein 
the physiologically active polypeptide or glyco- 
protein Is urokinase, kallikrein or leukocyte 
Interferon. 

& A composition as claimed in any one of the 
preceding claims, wherein the copolymer has a 
polyoxyethyiene-polyoxypropylena ratio from 
4:16 to 266:64. 

6. A composition as claimed in any one of the 
preceding claims, wherein copolymer is a 
methoxypolyoxyethylene-poryoxypropylene 
copolymer having E.O.:P.O.:E.O. ratio of 46:16:46 
and has average molecular weight of 5,000. 

7. A composition as claimed in any one of the 
preceding claims, wherein the copolymer Is an 
ethoxypolyoxyethylene-polyoxypropylene glycol 
having average molecular weight of 3/400 and 
E.O.:P.O.;EO ratio of 19:30:19, 

6. A composition as claimed in any one of the 
preceding claims, wherein the coupling agent 
contains at least one functional group capable of 
reacting with a hydroxyl group and at least one 
functional group capable of reacting with an 
amino group. 



9. A composition as claimed in Claim 8, wherein 
the coupling agent is 2,4,6-trichloro-s-triazine, 
dlbromosucclnic anhydride or maleic anhydride. 

5 Patentanspruche 

1. Lang wlrkendes Mittel, umfassend ein an ein 
Polymer gekuppeltes physlologisch aktives Poly- 
peptid oder Glycoprotein, dadurch gekennzelch- 

w net, da& das Polypeptid oder Glycoprotein mit 
Hirfe eines Kupplungsmittels an ein Polyoxyethy- 
len-polyoxypropylencopolymergebunden ist, das 
ein MolekuJargewIcht von 1 000 bis 10 000 hat 
und an balden Enden Hydroxylgruppen aufweist, 

w wo von sine durch elne AlkyJ- oder Acylgruppe 
substituiert sefn kann, wobel das Kupplungsmittal 
eine terminale Hydroxy Igruppa das Copolymers 
mit elner Amino gruppe der aktiven Substanz 
verbindet 

zo 2. Mittel nach Anspruch 1, worin das physlolo- 
gisch aktive Polypeptid oder Glycoprotein 
menschllchen Ursp rungs 1st 

3. Mittel nach Anspruch 1, wobel es sich bei 
dem Polypeptid oder Glycoprotein urn menopau- 

25 sales Humangonadotropln, menschllches Wachs- 
tumshormon, den epidermaJen Wachstumsfak- 
tor, der Nervenwachstumsfaktor, den die Kolonle- 
bfldung anregenden Faktor, Urokinase, Plasmino- 
gen (PLG), Kallikrein, Interferon a. Interferon (5, 

so Interferon y, Interieukin 1 , Inteiieukin 2, den Ham- 
trypsln-lnhibrtor, den Hamthlolprotease-lnhibftor, 
plazentare Arylsulfatase, Harnlysozym oder Har- 
nasparaglnase handelt 

4. Mittel nach Anspruch 2, wobel es sich be! 
35 dem physlologisch aktiven Polypeptid oder Gly- 
coprotein um Urokinase, Kallikrein oder Leuko- 
cyten-lnterferon handelt 

5. Mittel nach einem der vorhergehenden 
Anspruche, wobel das Poryoxyethylen-Polyoxy- 

40 propylen*Verhaltnis dee Copolymers 4:16 bis 
256:541st. 

6. Mittel nach einem dar vorhergehenden 
Anspruche, wobel es sich bei dem Copolymer um 
ein Methoxypolyoxyethylen-poryoxypropylenco- 

46 polymer mtt einem E-0.:P.O.:EO.-Verhaltni3 von 
46:16:46 und einem durchschnittllchen Moleku- 
JargewIcht von 5 000 handelt 

7. Mittel nach einem der vorhergehenden 
Ansprfiche, wobel es sich be! dem Copolymer um 

so Ethoxypolyoxyethylen-polyoxypropylenglycol 

mit einem durchschnittlichen Molekulargewicht 
von 3 400 und einem E.O.:P.O.:E.O.-Verhaltnls 
von 19:30:19 handelt 
a Mittel nach einem der vorhergehenden 

66 Anspruche, worla das Kupplungsmittal minde- 
stens eine zur Reaktion mrt einer Hydroxylgrupps 
befahlgte funktionelle Gruppe und mlndesterts 
eine zur Reaktion mit elner Aminogruppe befa- 
hlgte funktionelle Gruppe enthalt 

60 9. Mittel nach Anspruch 8, wobel es sich bai 
dem Kuppiungsmfttef um 2A6-Trichior-*-tria2ln, 
Dibrombernsteinsaureanhydrid oder Maieinsau- 
reanhydrid handelt 
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Revendicatlons 



1 . Composition a longus activity, comprenant un 
polypeptide ou une glycoproteine physiologl- 
quement actif, couple h un polymers, caractensee 
en C8 que le polypeptide ou la glycoproteine est 
couple a un copolymer* porycxyethylene- 
polyoxypropylene ayarrt un poids moleculaire de 
1 .000 a 10.000 et presentartt a sea deux extremites, 
dea groupas hydroxyle, dont t'un peut fitre substi- 
tua par un groupe alkyle ou acyle, au moyen tfun 
agent de coupiage llant un groupe hydroxyle 
terminal dudit copolymers a un groupe amino de 
ladite substance active. 

2. Composition seJon la revendication 1, caracte- 
risee en oe que le polypeptide ou ia glycoproteins 
physiologiquernent actif est d'origine humaine. 

3. Composition salon la revendication 2, caracte- 
risee en ce que ledit polypeptide ou ladite glyco- 
proteins est la gonadotropine menopausique 
humaine, rhormone de crolssance hunaine, un 
factaur de crolssance epldermique, un factaur de 
crolssance nerveux, un factaur stimulant la forma- 
tion de colonies, ('urokinase. Is plasminogens 
(PLG), la tellicreine, I'lnterferon a, 1'interreron P, 
^interferon y, finterieucfne 1, I'interieuclne 2, 
Nnhibiteur de trypsins urmalre, I'inhibJteur de 
thiol protease urfn8ire, una arysulfatase placen- 
talre, une lysozyme urinaire ou une asparaginase 
urinalre. 
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4. Composition seion la revendication 2, caracte- 
risee en ce que le polypeptide ou la glycoproteins 
physiologiquement actif est ('urokinase, la kalH- 
creine ou un Interferon leucocyte. 

5. Composition aelon 1'une des revendicatlons 
prec6dentes, caracterisee en ce que le copolymers 
presents un rapport poryoxethylene-poiyoxYpro- 
pylenede 4:16 a 256:64. 

6. Composition seion Tune des revendicatlons 
precedents*, caracterisee en ce que le copolymers 
est un copolymers me^oxyporyoxyethylene- 
poryoxypropylene presentant un rapport 
E.O.:P.O.:E.O. de 46:16:46 etun poids moleculaire 
moyen de 5X00. 

7. Composition seion I'une des revendicatlons 
precedentes, caracterisee en ce que le copolymer© 
est un ethoxyporyoxyethyiene-poryoxypropylene 
glycol ayant un poids moleculaire moyen de 3,400 
et un rapport E.O.:P.O.:E.O. de 19:30:19. 

& Composition seion I'une des revendicatlons 
precedentes, caracterisee en ce que I'agentde 
coupiage contientau moins un groups fonctionnel 
capable de reagir avec un groupe hydroxyle et au 
moins un groupe fonctionnel capable de reagir 
avec un groupe amino. 

a Composition seion la revendication 8, caracte- 
risee en ce que i'agent de coupiage est la 2A6- 
trlchloro-s-triazlne, I'anhydride dlbromosucclni- 
que ou I'anhydride maleique. 
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